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Silver Eel Downstream Passage Survival
§ Project Background
§ Study Goal and Objectives
§ Turbine Survival Estimation
§ Bypass Efficiency
§ Total Project Survival
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n US Fish & Wildlife Service prescriptions for 
downstream eel passage typically require:
─ 0.75 inch (19 mm) clear bar spacing
─ ≤ 1.5 ft/s (0.45 m/s) approach velocity
─ Surface and/or lower level bypasses
n As a FERC license requirement, downstream 
passage facilities need to be installed at the 
Scotland Project for silver American eel.
n Depending on debris loading and intake 
configuration, eel prescription criteria may be 
difficult (and costly) to implement at some 
projects.
n Requirements for shad and herring are 1-inch 
(25 mm) spacing with approach velocities ≤ 2 
ft/s (0.6 m/s) with one or more surface 
bypasses.
Silver Eel Downstream Passage Survival
Project Background
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Silver Eel Downstream Passage Survival
Project Background
Head 25 ft
Turbines 1
Max approach velocity 1.4 ft/s
Tainter gates 5 (20 ft wide)
Spillway crest length 80 ft
Total fish bypass flow 60 cfs
Type Propeller
Hydraulic capacity 1330 cfs
Genertaing capacity 2 MW
Number of blades 4
Diameter 9.1 ft
Blade spacing 7.1 ft
Rotational speed 150 rpm
Tip speed 71.5 ft/s
Project Design and Features
Turbine Design and Operation
Scotland Hydroelectric Project (Windham, CT)
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Study Goal and Objective
Study Objective: Determine total project survival for 
each rack spacing using:
─ Turbine passage survival estimates 
developed from a regression model of field 
studies
─ Laboratory-based estimates of bar rack 
exclusion and bypass efficiency
─ Assumption of spillway passage being 
proportional to flow
─ Assumption of 100% survival through bypass 
and over spillway
Study Goal: Assess total project survival of silver 
American eel with 0.75 and 1 inch clear bar spacings
at the turbine intake of the Scotland Project.
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Strike Probability = n(Lsinα)N/(60Vax)
n = rpm
L = Fish Length
α = Inflow Angle;
N = Number of Blades
Vax = Axial/Radial Velocity
(EPRI 2008, 2011)
Turbine Survival = K n(Lsinα)N/(60Vr)
where K is % mortality from strike
Silver Eel Downstream Passage Survival
Turbine Passage Survival
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Alden Turbine Survival Rates
White sturgeon
(127 mm)
98% survival
American eel
(305 and 432 mm)
100% survival
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Turbine Passage Survival
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Gomes, P., and M. Larinier. 2008. Damage to Eels Passing through 
Kaplan Turbines - Establishment of Predictive Formulas
n Used field data to develop regression 
models for predicting the mortality of eels 
passing through Kaplan turbines based on 
turbine design and operational parameters.
n Compiled data from 51 tests conducted at 
24 projects.
n Analyzed mortality data from tests 
conducted at gate openings greater than 
70% (29 tests at 15 projects).
n Best fit regression models included eel 
length, runner diameter, rotational speed, 
and/or turbine flow.
n Number of blades was not identified as a 
factor because most turbines were 4-bladed 
units.
M = 4.67L1.53 x Dr -0.48 x N 0.6
M = 6.59L1.63 x Q -0.24 x N 0.63
M = 12.42L1.36 x Q -0.22 x Dr -0.10 x N 0.49
Where:
M = turbine mortality
L = eel length
Dr = runner diameter
N = rotational speed
Q = flow
Non-Linear Regression Models
Silver Eel Downstream Passage Survival
Turbine Passage Survival
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n Used all data compiled by Gomes and 
Larinier (2008), including tests with 
gate openings less than 70%.
n Estimated actual flow for each gate 
opening (instead of using maximum 
rated flow).
n Added survival data from three 
additional sites where balloon tag 
studies were completed.
n Developed a multiple linear regression 
model.
Estimating Turbine Passage Survival
Silver Eel Turbine Survival Models (Propeller Turbines)
Updated analysis of Gomes and Larinier (2008) dataset
Regression Statistics
Multiple R 0.945
R 2 0.893
Adjusted R 2 0.871
Standard Error 9.139
Observations 54
Coeff SE P-value
Intercept 156.686 41.499 0.000
Diameter (m) -8.117 9.859 0.415
Blades 1.666 8.644 0.848
Bld Spacing (m) 7.100 10.123 0.487
Actual Flow (cms) 0.126 0.058 0.036
Tip Speed (m/s) -2.081 0.819 0.015
Head (m) 1.903 0.992 0.062
RPM -0.163 0.054 0.004
Eel Length (m) -69.715 13.351 0.000
Gate Opening (%) 0.008 0.080 0.917
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Silver Eel Downstream Passage Survival
Turbine Survival Estimates
River 
Discharge 
(cfs)
Turbine 
Flow
(cfs)
Gate 
Opening 
(%)
Turbine 
Survival
(%)
860 800 60.2 52.0
900 840 63.2 52.2
1000 940 70.7 52.6
1100 1,040 78.2 53.0
1200 1,140 85.7 53.5
1300 1,240 93.2 53.9
1400 1,330 100.0 54.2
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Silver Eel Downstream Passage Survival
Bypass Efficiency
Bar 
Spacing 
(inches)
Approach 
Velocity 
(ft/s)
Mean 
Length 
(mm)
Mean Bypass 
Efficiency (%)
(±95% CI)
0.75
1.5 751 96.2 (7.5)
2.0 736 88.8 (9.0)
1.00
1.5 742 72.1 (0.1)
2.0 763 69.9 (16.9)
EPRI Flume Evaluation of Bar Rack Exclusion and Bypass Efficiency
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Takeaways 
n The desktop study methods used for this analysis were effective in assessing the 
relative effects of intake bar spacing on total project survival.
n Total project survival for the specified migration period was estimated to be 98.9 to 
99.8% for a 0.75-inch bar spacing and 92.0 to 98.4% for the 1-inch spacing, 
depending on the proportion of eels that migrate downstream at different river 
discharges.
n These results could be considered in the context of multiple dam passage to 
determine an appropriate bar spacing based on an acceptable level of mortality.
n The regression model used to estimate turbine survival is only applicable to 
propeller-type turbines; limited data is available for Francis turbines.
n The analysis could be expanded to examine the effects of different distributions 
among passage routes, as well as route-specific survival rates.
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QuestionsQuesti ns?
